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SUBSTITUTED POLYCYCLIC CYCLOPENTADIENES AND METHOD FOR

THEIR PREPARATION.

The present invention relates to compounds of the

10 group of cyclopentadienes substituted to for, polycyclic

structures, as well as a process for their preparation.

More specifically, the present invention relates to

new polycyclic cyclopentadienyl compounds which can be

USed, in the form of anions, as penta-hapto ligands

15 coordinated to transition metals to form metallocenes

.

The property of cyclopentadienyl compounds of easily

forming an anion of an aromatic nature by the loss of a

cationic fragment, usually an K* anion, is Known. The ca-

pacity of these anions of coordinating themselves to metal

20 cations by means of a multi-electronic complex bond to form

complexes, called metallocenes, having an unusual relative

stability with respect to the behaviour generally expected

for organometallic compounds containing hydrocarbon anions,

is also well known. These complexes may contain a single

25 cyclopentadienyl licand, or 2 and, in certain cases, even

- 1
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three iigancs of this type. Cyclopentadienyl complexes of

transition metals of Groups 3 to 6, and particularly of

Group 4 of the periodic table, combined with aluminoxanes

or particular salts of non-coordinating anions, are known

5 to be capable of polymerizing a-olefins and have been

widely used for this purpose in the recent past.

.
cyclopentadienyl compounds comprise the di-unsaturated

cyclic group with five carbon atoms having the following

general formula (I)

:

10 R

(1)

R R

15 wherein the R groups represent general substituents, either

the same or different.

In accordance with the present invention and in order

to simplify the description and claims, the above formula

(I) is used herein to synthetically represent one or more

20 of the five possible mesomeric structures (la), (lb), (Ic) ,

(Id) and de) indicated below, which, as is normally cus-

tomary in organic chemistry, can represent a general poly-

substituted cyclopentadienyl compound.

25

- 2 -
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10

These can be converted to one another by the shifting,

in the pentagonal cycle, of the two double bonds and the

15 hydrogen atom linked to the sole saturated carbon atom, the

various substituents of the cycle usually being hydrogen or

linear or branched organic radicals, optionally substi-

tuted, which, in the more general version, can also form

one or more covaient ligands with each other to obtain cy-

20 clic or polycyclic structures condensed with said cyclopen-

tadienyl ring. For the purposes of the present invention,

these structures (la), (lb), (Id, (Id! and (le) can be

considered as being equivalent, as they are precursors of

the same cyclcpentadienyl anion. Consequently, unless oth-

25 erwise specified, the scope of the present invention, with

- 3 -
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reference to the cyclopentadienyi compounds represented by

structural formulae of the type (I), which form one of the

objects thereof, comprises the five mesenteric structures

defined above.

5 Substituted cyclopentadienyi hydrocarbon compounds

consisting of saturated and unsaturated rings condensed on

the cyclopentadienyi ring are known in the art, and some of

them are commercial produces, such as, for example, indene,

tetrahydroindene, fluorene, azulene, 1, 2-benzofluorene

.

10 Other bicyclic compounds comprising a cyclopentadienyi ring

are described in European patent application EP-A 760,355,

whereas European patent application EP-A 849,273 describes

metallocene complexes with these ligands, suitable for po-

lymerizing olefins.

15 The positive effect of saturated cycles condensed with

cyclopentadienyi rings in the polymerization catalysis of

olefins, using metallocenes of zirconium and titanium, has

also been acknowledged, especially with respect to the ac-

tivity and incorporation of co-monomers in the co-

20 polymerization of ethylene with a-olefins, as described for

. example in European patent application EP-A 849,273.

In spite of the encouraging results obtained so far in

this field, there is still the request for continuous im-

provements in polymerization catalysts and in the quality

25 and versatility of poly-a-olef ins obtained therewith. The

- 4 -
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request for elastomeric polymers of ethylene with a high

content of unsaturations suitable for a rapid vulcaniza-

tion, has stimulated research relating to catalysts capable

of increasing the quantity of non-conjugated dienes incor-

5 porated in the ethylene copolymer with respect to what is

so far possible, without causing a significant decrease in

the average molecular weight of the product obtained. How-

ever it is desirable to have catalysts capable of producing

polyolefins with an increased molecular weight for high

10 yield processes operating at temperatures higher than

100°C. Finally, further improvements are required in the

steric control of the stereospecific polymerization of a-

olefins to give polymers with a high tacticity by means of

metallocene catalysts of the so-called "bridged" type, hav-

15 ing structures which are becoming more and more sophisti-

cated and selective.

In the never-ending attempt to respond to the above

demands with innovative processes and materials, the Appli-

cant has now found a new group of polycyclic cyclopentadi-

20 enyl compounds, suitable for use in the preparation of

catalysts which represent a definite progress in providing

a solution to the above problems.

A first object of the present invention therefore re-

lates to a polycyclic cyclopentadienyi compound having the

25 following formula (II)

:

- 5 -
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(ID

wherein: each Rl , R,, Ri» R-» ^' * and Z ' is inde"

pendently hydrogen or an organic substituent hav-

ing from 1 to 10 carbon atoms, preferably se-

10 leered from hydrocarbon radicals having from 1 to

8 carbon atoms, more preferably Ci-C« alkyl, lin-

ear cr branched, and in addition, any one of said

R or Z groups, preferably one of the groups se-

lected from Z !
, Z", Ri , Re, or R-, can be a diva-

15 lent organic group further bound to another or-

ganic group having from 5 to 20 carbon atoms and

comprising a cyclopentadienyl group, and

"n" has any of the integer values from 1 to 10

extremes included, and preferably ranges from 1

20 to 3.

As already specified above, in the above formula (II),

the cyclopentadienyl group is conventionally represented by

a structure which comprises ail the mesomeric forms obtain-

able by shifting the double bonds and the hydrogen atom in

25 the cycle as required by the valency regulations. This

- 6 -
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shifting is not only formal, but can be easily obtained in

practice by forming a cyclopentadienyl anion of any com-

pound having formula (II), for example by treatment with

lithium butyl, and by subsequently acidifying to obtain a

mixture of all possible five isomers, said mixture being

also included in the scope of the present invention.

In a preferred embodiment, the present invention re-

lates to compounds having formula (II) wherein all the R

and Z groups are hydrogen. In another preferred embodiment,

) z
1 and Z

: are hydrogen and only two of the groups Ri, R:,

Rj, R 4 are linear or branched alkyl with from 1 to 4 carbon

atoms

.

According to other particular forms of the present in-

vention, one of the R5 , R5 or R, groups is methyl or ethyl,

5 more preferably methyl. In another preferred embodiment, Ri

and Ri are methyl, and "n" is 2 or 3.

According to a particular embodiment of the present

invention, one of the R fi . R, or R, groups, preferably Re or

R„ is a divalent hydrocarbon or silane group having from 2

10 to 6 carbon atoms, further linked to a second cyclopentadi-

enyl group having from 5 to 20 carbon atoms, preferably se-

lected from cyclopentadienyl, indenyl, fluorenyl and ho-

mologous groups thereof, in particular linked to said R5 .

R, or R, group by means of a carbon atom of the cyclopenta-

25 dienyl ring.
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Hon- Uniting examples of compounds having formula (Hi

are those represented by the following formulae, which for

the purposes of simplicity, are not numbered:

10

15

20

25

CH
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The polycyclic cyciopentadienyl compounds according to

the present invention are relatively stable compounds, they

can be exposed to air, even if it is not convenient to keep

them for long periods due to the possibility of the forma-

5 tion of the corresponding dimeric products, according to

the well known Diels-Alder reaction. For this reason, when

there is the possible necessity of keeping these products

for some time, it is preferable to transform them into one

of the corresponding salts of alkaline or earth-alkaline

10 metals, which, although being sensitive to oxygen and hu-

midity present in the air, do not undergo any chemical al-

terations if kept in an inert atmosphere.

These polycyclic compounds, although new, can be pre-

pared by adapting known techniques of organic chemistry for

15 the purpose, by analogy with synthetic methods of compounds

and organic structures already known or similar, such as,

for example, the synthesis method described in the European

patent application cited above EP-A 760,355. The Applicant

however has developed an original synthetic method, by

20 modifying or combining known techniques, which allow these

compounds to be obtained with a good yield in a limited

number of steps.

A second object of the present invention therefore re-

lates to a method for the preparation of the polycyclic cy-

25 clopentadienyl compounds having formula (II) starting

- 9 -
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from a benzoketone having the following general formula

(III) :

(m)

wherein the various symbols have the same meaning de-

fined above, both in the general and in the preferred

10 forms, with reference to the cyclopentadienyl com-

pounds having formula (II),

comprising the following steps in succession:

i) forming the anion of said benzoketone having formula

(III) by the extraction of a hydrogen ion in alpha po-

15 sition with respect to the carbonyl, by means of reac-

tion with a hydride or an alkyl of an alkaline metal,

ii) reacting the anion formed in step (i) with an alkyl

carbonate having the formula OC(OR,) wherein R= is

linear or branched alkyl having from 1 to 6 carbon at-

20 oms, to obtain the benzoketoester having the following

formula (IV)

:

25
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15

COORg

(IV)

iii) forming the anion of said benzoketoester having for-

mula (IV) by reaction with a sufficiently strong or-

ganic base, for example a hydride, an alkoxide or an

10 alkyl of an alkaline metal, and reacting said anion

with a propargyl halide having the following formula

20

(V)

R5HXC-C=R7 (V)

wherein R. and R- have the same meaning as the corre-

sponding symbols of formula (II) and X is halogen ex-

cluding fluorine, preferably chlorine or bromine, to

obtain at the end the following compound having for-

mula (VI)

2

J« COOR,

CHRjjCsCRj (VI)

V
R4

25 iv) hydrating said compound having formula (VI) witn one

- 11 -
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of the known methods for transforming the acetylene

group into a ketone group, for example by contact and

reaction in a mixture with mercury oxide, etherate bo-

ron trifluoride, trichloroacetic acid in methanol as

solvent, and subsequent hydrolysis, in order to obtain

the following compound having formula (VII)

:

v) cyclizing said compound having formula (VII) by self-

condensation in a strongly basic environment by KOH or

NaOH, at temperatures preferably ranging from 2 0 to

100°C, in order to obtain the following unsaturated

cyclic ketone having formula (VIII)

:

O (VIII)

vi) reducing said unsaturated cyclic ketone having formula

(VIII) using one of the known methods, for example by

reaction with lithium aluminum hydride, to obtain the

desired polycyclic cyclopentadienyl compound having

- 12 -
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formula (1X5, corresponding to the compound having

formula (II) with R, equal to hydrogen:

R

(K)

or by means of reaction with a suitable reactive metal

alkyl comprising the R, group, for example lithium al-

io kyl, a C-rignard reagent, a magnesium dialkyl, an alu-

minum trialkyi etc., to obtain the desired compound

having general formula (II) object of the present in-

vent ion.

The above polycyclic cyclopentadienyl compounds can be

15 used for the formation of organometallic complexes of tran-

sition metals, particularly of group 4 of the periodic ta-

ble of elements, which can be advantageously used as cata-

lysts in various synthetic processes, such as for example,

hydrogenation, oxidation and polymerization of olefins.

20 A further ob3 ect of the present invention therefore

relates to saline (ionic) compounds comprising at least one

polycyclic cyclopentadienyl anion formally deriving from

any of the previous compounds having formula (II) by the

extraction of an acid anion from the cyclopentadienyl

25 ring, and also metal complexes comprising at least one of

- 13 -
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said cyclopentadienyl anions coordinated to a transition

metal by means of covalent bonds of the n type. In particu-

lar, an object of the present invention relates to an or-

ganometallic compound having the following general formula

(X) :

10

(X)

(Z")

15

20

25

m
wherein:

each Rl , R:-, R„ R«, R», *» ^ and 2 ' ^rouP' and

also V, has the same meaning, both general and pre-

ferred, as the corresponding symbol in formula (II)

above

;

M" represents any metal of the periodic table of ele-

ments having an oxidation state (or valence) "v"

greater than zero;

each Z' is independently a group of an anionic nature

bound to the metal Mv as anion in an ionic couple or

with a covalent bond of the "o" type;

Z" represents an organic radical having from 5 to 30

carbon atoms, comprising a cyclopentadienyl anion

bound to the metal. M';

- 14 -



WO 01/74745 PCT/EPOl/03127

"m" has the value 1 or 0 depending on whether Z" is

present or absent in the compound having formula (X)

;

»P» expresses the number of Z' groups necessary for

neutralizing the formal oxidation charge "v" of the

5 metal M" and has such values that p = (v - n - 1)

.

The above formula (X) includes ail compounds compris-

ing a metal Mv in an oxidation state greater than zero and

at least one anion deriving from a ligand having the previ-

ous formula (ID according to what is specified above.

10 These compounds can be of a saline ionic nature, especially

with non-transition metals, or, when low energy orbitals of

the metal are available to form bonds of the »*" type,

these compounds are preferably in the form of co-ordinated

complexes of a semi-covalent or covalent nature.

15 Of particular interest for their potential use as

catalysts or components of catalysts for hydrogenation or

polymerization processes of a-olefins, are compounds having

formula (X) wherein M" is selected from metals of groups 3

to 10 of the periodic table, including metals of the group

20 of lanthanides.

M - is preferably selected from metals of groups 4 to

6, and is more preferably Ti, Zr or Hf in oxidation state

+4. in this case, particularly satisfactory results have

been obtained when the Z" group in formula (X) is a second

25 cyclopentadienyl anion, optionally, but not necessarily,

- 15 -
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15

20

selected from compounds having formula (II) above. In par-

ticular, a preferred object of the present invention re-

lates to a bis-cyclopentadienyl complex of a transition

metal M*1 of group 4 of the periodic table, having the fol-

lowing formula (XI):

each R x , R-s, R*, R 4 , Rb, Re, R?, ^ and Z
1 group, and

also "n", has the same meaning, both general and pre-

ferred, as the corresponding symbol in formulae (II)

and (X) above;

MJ
- represents a metal selected from titanium, zirco-

nium and hafnium having an oxidation state (or va-

lence) "q" equal to 3 or 4, preferably 4;

"t" has the value of 1 se the valence "q" of Mq is 4,

and the value of 0 if the valence of "q" of Mq is 3;

X 1 and X" each independently represent a croup of a

monovalent anionic nature o-bound to the metal K\

preferably selected from hydride, halide, a Ci-C:o al-

kyl or alkylaryl group, a C ;
-Cv- alkylsilyl group, a

(C P)

wherein

:

- 16 -
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Cs-C. cycloalkyl group, a C,-C aryl or arylalkyl

group, a C-;
-C., alkoxyl or thioalkoxyl group, a C;-C

carboxylate or carbamate group, a C :-C, t dialkylamide

group and a C 4-C:j alkylsilylamide group.

5 cF
represents any organic group containing a rr-cy-

clopentadienyl or rf-heterocyclopentadienyl ring, of

an anionic nature, preferably having at least from 5

to 30 carbon atoms, coordinated to the metal M~-

.

According to the present invention, in particular, the

10 groups X' and X" having formula (XI) each independently

represent a group of an anionic nature o-bound to the metal

If. Typical examples of X' and X" are hydride, halide,

preferably chloride or bromide, a linear or branched alkyl

group such as methyl, ethyl, butyl, isopropyl, isoamyl, oc-

15 tyl, decyl, benzyl, an alkylsilyl group such as, for exam-

ple, trimethylsilyl, triethylsilyl or tributylsilyl, a cy-

cloalkyl group such as cyclopentyl, cyclohexyl, 4-

methylcyclohexyl, an aryl group such as phenyl or toluyl,

an alkoxyl or thioalkoxyl group such as methoxyl, ethoxyl,

20 iso- or sec-butoxyl, ethylsulf ide, a carboxylate group such

as acetate, trifluoroacetate, propionate, butyrate, pi-

valate, stearate, benzoate, or again a dialkylamide group

such as diethylamide, dibutylamide, or alkylsilyl-amide,

such as bis (trimetylsilyl) amide or ethyltrimetylsiiylamide

.

25 The two X' and X" groups can also be chemically bound to

- 17 -
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each other and form a cycle having from 4 to 1 atoms dif-

ferent from hydrogen, also comprising the metal M 1

.
Typical

examples of this aspect are divalent anionic groups such as

the trimethylene or tetramethylene group, or the ethylene-

5 dioxy group. X' and X" groups which are particularly pre-

ferred for their accessibility and the easy preparation of

. the complexes which comprise them are chloride, Ci-C6 alk-

oxide, methyl, ethyl, C 3-C : -, carboxylate.

Each C- group in formula (XI) contains a tf-cy-

10 clopentadienyl ring coordinated to the metal M\ which for-

mally derives from a cyclopentadiene molecule, substituted

or non-substituted, by extraction of an H* ion. The molecu-

lar bond of the n type and also the electronic and coordi-

nate configuration of metallocene complexes of titanium,

15 zirconium or hafnium., generally comprising two tf-cy-

clopentadienyl groups, have been amply described in litera-

ture and are known to experts in the field.

The C, group having formula (XI) according to the pre-

sent invention is selected, in particular, from known cy-

20 clopentadienyl, indenyl or fluorenyl groups, and their ho-

mologous products, in which one or more carbon atoms of the

molecular skeleton (included or not included in the cyclo-

pentadienyl ring), are substituted with a radical selected

from the group consisting of halogen, preferably chlorine

25 or bromine, a linear or branched alkyl group having from 1

- 18 -
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to 10 carbon atoms, optionally halogenated, such as methyl,

trifluoromethyl, ethyl, butyl, isopropyl, isoamyl, octyl,

decyl, benzyl, an alkylsilyl group such as, for example,

trimethylsilyl, triethylsilyl or tributylsilyl, a cycloal-

5 kyl group such as cyclopentyl, cyclohexyl, 4-me-

thylcyclohexyl, an aryl group having from 6 to 10 carbon

atoms, optionally halogenated, such as phenyl, pentafluoro-

phenyl or toluyl, an alkoxyl or thioalkoxyl group such as

methoxyl, ethoxyl, iso- or sec-butoxyl, ethylsulf ide. Said

10 Cp group may aiso comprise several condensed aromatic

rings, as in the case, for example, of 4, 5-benzoindenyl,

and in a particularly preferred embodiment, is selected-

from anions of polycyclic cyclopentadienyl compounds having

formula (II) described above.

15 For particular polymerization processes, especially

when the steric control of the polymerization (iso- or syn-

diotactic orientation of a-olefins) is important, or the

control of the insertion of co-monomers in the copoiymeri-

zation of ethylene, as is known to experts in the field,

20 the above groups of an anionic nature, more specifically Z"

in the complexes having formula (X) with M' a transition

metal, and C, in complexes having formula (XI), can be co-

valently bound to the polycyclic cyclopentadienyl group de-

riving from compounds having formula (II), by means of a

25 divalent hydrocarbon or silane group having from 1 to 15,

- 19 -
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preferably from 2 to 6, carbon atoms, to form a so-called

"bridged" structure, according to the traditional terminol-

ogy used in the field of metallocene compounds.

Non-limiting examples of compounds having general for-

mula (X) and (XI) are those represented by the structures

indicated hereunder, which, for the sake of simplicity, are

not numbered:

10

15

20

25

- 20 -
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As mentioned above, the above complexes having formula

(X) with certain transition metals, and more specifically

complexes represented by formula (XI), can be advanta-

geously used in the formation of catalysts for the polym-

5 erization and co-polymerization of olefins, combined with a

suitable activator.

A further object of the present invention therefore

relates to, and is claimed herein as such, a catalyst for

the (co) polymerization of ethylene and other a-olefins,

10 i.e. for the homo-polymerization of ethylene and other o-

olefins, the co-polymerization of ethylene with one or more

other co-polymerizable monomers, such as for example, o-

olefins, conjugated or non-conjugated diolefins, styrene

and its derivatives, etc., the co-polymerization of o-

15 olefins with each other or with other monomers co-

polymerizable therewith. This catalyst can be obtained from

the combination (i.e. contact and reaction) of the above

polycyclic metallocene complex having formula (X) or (XI)

with an activator (or co-catalyst) selected from those

20 known in the art of metallocene polymerization catalysis,

particularly an organic compound of a metal M' selected

from boron, aluminum, gallium and tin, or a combination of

these compounds.

In particular, said catalyst in accordance with the

25 present invention comprises the following two components in

- 22 -
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contact with each other, or the product of their reaction:

( i) at least one metallocene complex having the previ-

ous formula (X), wherein the metal Mv is a metal of

groups 4 to 6, preferably 4, of the periodic table;

5 ( ii) a co-catalyst consisting of at least one organome-

tallic compound of an element M' different from

carbon and selected from elements of groups 2, 12,

13 or 14 of the periodic table as defined above.

According to the present invention, said element M' is

10 preferably selected from boron, aluminum, zinc, magnesium,

gallium and tin, more particularly boron and aluminum.

in a preferred embodiment of the present invention,

the component (ii) Is an organo-oxygenated derivative of

aluminum, gallium or tin. This can be defined as an organic

15 compound of M' , in which the latter is bound to at least

one oxygen atom and to at least one organic group consist-

ing of an alkyl group having from 1 to 6 carbon atoms,

preferably methyl.

According to this aspect of the invention, component

20 (ii) is more preferably an aluminoxane. As is known, alu-

ndnoxanes are compounds containing Al-O-Al bonds, with a

varying O/Al ratio, which can be obtained, under controlled

conditions, by the reaction of an aluminum alkyl or alumi-

num alkyl halide, with water or other compounds containing

25 pre-established quantities of water available, such as, for

- 23 -
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example, in the case of the reaction of aluminum trimethyl

with aluminum sulfate hexahydrate, copper sulfate pentahy-

drate or iron sulfate pentahydrate . Aluminoxanes preferably

used for the formation of the polymerization catalyst of

5 the present invention are oligo- poly-meric, cyclic and/or

linear compounds, characterized by the presence of repeti-

tive units having the following formula (XII):

R8

I— (Al-O)— (XII)

10 wherein R : is a C : -C* alkyl group, preferably methyl.

Each dialuminoxane molecule preferably contains from 4

to 70 repetitive units which may also not all be equal to

each other, but contain different R s groups.

Said aluminoxanes, and particularly methylaluminoxane,

15 are compounds which can be obtained by known methods. in or-

ganometallic chemistry, for example, by the addition of

aluminum trimethyl to a suspension in hexane of aluminum

sulfate hydrate.

When used for the formation of a polymerization cata-

20 lyst according to the present invention, the aluminoxanes

(ii) are put in contact with said component (i) comprising

the complex having formula (X) in such proportions that the

atomic ratio between Al and the transition metal M is

within the range of 10 to 10,000 and preferably from 100 to

25 5,000. The sequence with which the complex (i) and the alu-
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mincxane (ii) are put in contact with each other, is not

particularly critical.

In addition to the above aluminoxanes, the definition

of component (ii) according to the present invention also

5 comprises galloxanes (in which, in the previous formulae,'

gallium is present instead of aluminum) and stannoxanes,

whose use as cocatalysts for the polymerization of olefins

in. the presence of metallocene complexes is known, for ex-

ample, from patents US 5,128,295 and US 5,258,475.

10 According to another preferred aspect of the present

invention, said catalyst can be obtained by putting compo-

nent (i) consisting of at least on complex having formula

(X), in contact with component (ii) consisting of at least

one compound or a mixture of organometallic compounds of M'

15 capable of- reacting with the complex having formula (X),

extracting from this a o-bound group Z' or Z" to form, on

the one hand at least one neutral compound, and on the

other hand an ionic compound consisting of a metallocene

cation containing the metal Mv and an organic non-

20 coordinating anion containing the metal M' ,
whose negative

charge is delocalized on a multicentric structure.

Components (ii) suitable as ionizing systems of the

above type are preferably selected from the voluminous or-

ganic compounds of boron and aluminum, such as for example,

25 those represented by the following general formulae:
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[
(R,),.NH;-,]-[B(R-,);}-; B(R.,),; [Ph;-,C] * [B (R[,)

; j

[ (Rc) sPH]*[B(Rp)4r; [Lil*[B(-RD)i]"; [Li] MAI (RD ) 4 ]

_

;

wherein the deponent "x" is an integer ranging from 0 to 3,

each Rr group independently represents an alkyl or aryl

5 radical having from 1 to 10 carbon atoms and each RP group

independently represents an aryl radical partially or,

preferably, totally fluorinated, having from 6 to 20 carbon

atoms

.

Said compounds are generally used in such quantities

10 that the ratio between the atom M' of component (ii) and

the atom Mv in the metallocene complex is within the range

of 0.1 to 15, preferably from 0.5 to 10, more preferably

from 1 to 6

.

Component (ii) can consist of a single compound, nor-

15 mally an ionic compound, or a combination of this compound

with MAO, or, preferably, with an aluminum trialkyl having

from 1 to 8 carbon atoms in each alkyl residue, such as for

example AlMe :-, AlEtj, Al(i-Bu) 3 .

In general, the formation of the ionic metallocene

20 catalyst, in accordance with the present invention, is

preferably carried out in an inert liquid medium, more

preferably hydrocarbon. The selection of components (i) and

(ii), which are preferably combined with each other, as

well as the particular method used, can vary depending on

25 the molecular structures and result desired, according to
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what is described in detail in specific literature avail-

able to experts in the field.

Examples cf these methods are qualitatively schema-

tized in the list provided hereunder, which however does

5 not limit the overall scope of the present invention:

(mi) by contact of a metallocene having general formula

(X), or preferably (XI), wherein at least one, pref-

erably all, cf the substituents Z' and Z" is hydrogen

or an alkyl radical, with an ionic compound whose ca-

10 tion is capable of reacting with one of the substitu-

ents to form a neutral compound, and whose anion is

voluminous, non-coordinating and capable of delocal-

izing the negative charge;

(m2 ) by the reaction of a metallocene having the previous

15 formula (X), or preferably (XI), with an alkylating

agent, preferably an aluminum trialkyl, used in molar

excess of 10/1 to 500/1, followed by the reaction

with a strong Lewis acid, such as for example,

tris(pentafluorophenyl)boron a in more or less stoi-

20 chiometric quantity or in slight excess with respect

to the metal M'

;

(m,) by contact and reaction of a metallocene having the

previous formula (X), or preferably (XI), with a mo-

lar excess of 10/1 to 1000/1, preferably from 100/1

25 to 500/1 of an aluminum trialkyl or an alkylaluminum
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halide represented by the following formula

wherein: R? is a linear or branched C ;
-C, alkyl group,

or one of their mixtures,

5 X is a halogen, preferably chlorine or bro-

mine, and "m" is a decimal number ranging

from 1 to 3 extremes included;

followed by the addition to the composition thus ob-

tained, of at least an ionic compound of the type de-

10 scribed above in such quantities that the ratio be-

tween B or Al and the atom Mv in the metallocene com-

plex is within the range of 0.1 to 15, preferably

from 1 to 6.

Examples of ionizing ionic compounds or multicomponent

15 reactive systems capable of producing an ionic catalytic

system by reaction with a metallocene complex, according to

the present invention, are described in the following pat-

ent publications, whose content in herein incorporated as

reference:

20 • European patent application, published under the Nr.:

EP-A 277,003, EP-A 277,004, EP-A 522,581, EP-A

495,375, EP-A 520,732, EP-A 478,913, EP-A 468,651, EP-

A 427,697, EP-A 421,659, EP-A 418,044;

international patent applications published under the

25 Nr.: WO 92/00333, WO 92/05208; WO 91/09882;
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Patents U.S. 5,064,802, U.S. 2,827,446, U.S.

5,066, 739.

Non-limiting examples of complex-cocatalyst combina-

tions suitable for the preparation of ionic catalytic sys-

5 terns in accordance with the present invention are schema-

tized hereunder in table (I), with reference to the respec-

tive precursors from whose combination they can be ob-

tained. Any compound cf any column can be combined, if nec-

essary, with any compound of the remaining ones, according

10 to the method indicated.
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Table (I): preparation of ionic catalysts according to the

present invention

Method Metallocene with formula (XI) Cocatalyst (ii)

10 (mi)

(THAZ) :ZrMe :

(THAZ) ;TiMe :

(DHBI);.ZrMe:

(DHBI) 2HfH :

(DHBI) CpZrMe 2

(THAZ) -TiPr 1

.

(DHBI).ZrH:-

( DHBI ) r TiBz-

[Ph;sC]
+ [B(C.sF=hr

LBu3NH] + [B(C^F s ),]-

[PhNMe :H] + [B(C*F5 )4]'

15

20

(ma)

(7, 9-Me :-DHBI)2ZrCl :

(DHBI) 2TiBr :
-

(THAZ) 2ZrCl 2

(DHBI) 2Zr (NMe 2 ) 2

(DHBI)zZrCl: AlEt,

(DHBI)rHfCl 2

(DHBI) 2TiCl 2 AlBu 1
,

(DHBI) (Ind) ZrCl 2

(THAZ) :HfCl_

(THAZ) :-Ti (NMe 2 ) ;

[Ph 3C]
+ tB(C 6F5 )d'

[PhNMe 2H}
+ [B(C 6F5)4]'

[Bu 3NH]
+ [B(C 6F5)4r

25

30

Abbreviations: Me - methyl, Et = ethyl, Bu = n-butyl,

Bui = iso-butyl, Ph = phenyl, Bz = benzyl, Pr* =

isopropyl, Cp - cyclooentadienyl Ind - indenyl, DHBI -

4, 5-dihydro-benzo[d] indenyl 7,9-Me 2-DHBI - 7 , 9-dimethyl-

4, 5-dihydro-benzo[dj indenyl , THAZ = 4 , 5, 6-tnhydro

benzo [e] azulenyi

.
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Also included in the scope cf the present invention

are those catalysts comprising two or more complexes having

formula (X) or (XI) mixed with each other. Catalysts of the

present invention based on mixtures of complexes having

5 different catalytic activities can be advantageously used

in polymerization when a wider molecular weight distribu-

tion of the polyolefins thus produced is desired.

In a particularly preferred embodiment of the present

invention, the metallocene component (i) of said catalyst

10 consists of a complex selected from those represented by

the previous formula (XI), especially with the metal M< in

oxidation state +4, or a mixture of these complexes.

According to another aspect of the present invention,

in order to produce solid components for the formation of

15 catalysts for the polymerization of olefins, the above com-

plexes can also be supported on inert solids, preferably

consisting of oxides of Si and/or Al, such as, for example,

silica, alumina or silica-aluminates . For supporting of

said catalysts, the known supporting techniques can be

20 used, normally comprising contact, in a suitable inert liq-

uid medium, between the carrier, optionally activated by

heating to temperatures exceeding 200°C, and one or both of

components (i) and (ii) of the catalyst of the present in-

vention. For the purposes of the present invention, it is

25 not necessary for both components to be supported, as it is
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also possible for only the complex having formula (X), or

preferably (XI), or the organic compound of B, Al, Ga or Sn

as defined above, to be present on the surface of the car-

rier. In the latter case, the component which is not pres-

ent on the surface is subsequently put in contact with the

supported component, at the moment of the formation of the

catalyst active for the polymerization.

Also included in the scope of the present invention

are the complexes, and catalytic systems based on these,

which have been supported on a solid by means of the func-

tionalization of the latter and formation of a covalent

bond between the solid and a metallocene complex included

in formula (X), or preferably (XI), above.

A particular method for the formation of a supported

catalyst according to the present invention comprises pre-

polymerizing a relatively small fraction of monomer or mix-

ture of monomers in the presence of the catalyst, so as to

include this in a solid micro-particulate, which is then

fed to the actual reactor itself for completing the process

in the presence of an additional o-olefin. This provides a

better control of the morphology and dimensions of the

polymeric particulate obtained at the end.

One or more other additives or components can be op-

tionally added to the catalyst according to the present in-

vention, as well as the two components (i) or (ii)
,

to ob-
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tain a catalytic system suitable for satisfying specific

requests. The catalytic systems thus obtained should be

considered as being included in the scope of the present

invention. Additives or components which can be included in

the preparation and/or formulation of the catalyst of the

present invention are inert solvents such as, for example,

aliphatic and/or aromatic hydrocarbons, aliphatic and aro-

matic ethers, weakly coordinating additives (Lewis bases)

selected, for example, from non-polymerizable olefins,

ethers, tertiary amines and alcohols, halogenating agents

such as silicon halides, halogenated hydrocarbons, prefera-

bly chlorinated, and the like, and again all other possible

components normally used in the art for the preparation of

the traditional homogeneous catalysts of the metallocene

type for the (co) polymerization of ethylene and a-olefins.

Components (i) and (ii) form the catalyst of the

present invention by contact with each other, preferably at

temperatures ranging from room temperature to 60°C and for

times varying from 10 seconds to 1 hour, more preferably

from 30 seconds to 10 minutes.

The catalysts according to the present invention can

be used with excellent results in substantially all known

(co) polymerization processes of a-olefins, either in con-

tinuous or batchwise, in one or more steps, such as, for

example, processes at low (0.1-1.0 MPa), medium (1.0-10
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MPa) or high (10-15C MPa) pressure, at temperatures ranging

from 20° to 240°C, optionally in the presence of an inert

diluent. Hydrogen can be conveniently used as molecular

weight regulator.

A further object of the present invention therefore

relates to a process for the (co) polymerization of a-

olefins, comprising polymerizing said a-olefin, or copolym-

erizing one or more of said a-olefins, under suitable pres-

sure and temperature conditions, in the presence of at

least one of the catalysts according to the present inven-

tion, as described above.

These processes can be carried out in solution or sus-

pension in a liquid diluent normally consisting of an ali-

phatic or cycloaliphatic saturated hydrocarbon, having from

3 to 8 carbon atoms, but which can also consist of a mono-

mer as, for example, in the known co-polymerization process

of ethylene and propylene in liquid propylene. The quantity

of catalyst introduced into the polymerization mixture is

preferably selected so that the concentration of the tran-

sition metal Mv or Mq ranges from 10" 5 to 10"' moles/liter.

Alternatively, the polymerization can be carried out

in gas phase, for example, in a fluid bed reactor, normally

at pressures ranging from 0.5 to 5 MPa and at temperatures

ranging from 50 to 150°C.

a-olefins which can be polymerized or copolymerized
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according to the process of the present invention are gen-

erally all olefinically unsaturated hydrocarbons having at

least one >C=CH : double bond in so-called -a, or primary,

position. Said a-olefins comprise ethylene and its higher

5 homologous products, preferably having from 3 to 15 carbon

atoms, such as, for example, propylene, 1-butene, butadi-

ene, 1-hexene, 1-octene, 1 , 4-hexadiene and styrene. Par-

ticular non-primary olefins, having the double bond in-

cluded in a stretched ring, such as for example, dicyclo-

10 pentadiene, can be equally (co) polymerized in the presence

of the catalyst of the present invention.

According to a particular aspect of the present inven-

tion, the catalyst for the (co) polymerization of a-olefins

is prepared separately (preformed) by contact of components

15 (i) and (ii), and is subsequently introduced into the po-

lymerization environment. The catalyst can be charged first

into the polymerization reactor, followed by the reagent

mixture containing the olefin or mixture of olefins to be

polymerized, or the catalyst can be charged into the reac-

20 tor already containing the reagent mixture, or finally, the

reagent mixture and the catalyst can be contemporaneously

fed into the reactor.

According to another aspect of the present invention,

the catalyst is formed "in situ", for example by introduc-

25 ing components (i! and (ii) separately into the polymeriza-
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tion reactor containing the selected olefinic monomers.

The catalysts according to the present invention can

be used with excellent results in the polymerization of

ethylene to give linear polyethylene and in the copolymeri-

zation of ethylene with propylene or higher a-olefins,

preferably having from 4 to 10 carbon atoms, to give co-

polymers hav-ing different characteristics depending op the

specific polymerization conditions and on the quantity and

structure of the a-olefin. For example, linear polyethyl-

enes can be obtained, with a density ranging from 0.880 to

0.940, and with molecular weights ranging from 10,000 to

2,000,000. The a-olefins preferably used as comonomers of

ethylene in the production of low or medium density linear

polyethylene (known with the abbreviations ULDPE, VLDPE and

LLDPE depending on the density), are 1-butene, 1-hexene and

1-octene.

The catalyst of the present invention can also be con-

veniently used in copolymer! zation processes of ethylene

and propylene to give saturated elastomeric copolymers vul-

canizable by means of peroxides and extremely resistant to

aging and degradation, or in the terpolymerization of eth-

ylene, propylene and a non-conjugated diene, having from 5

to 20 carbon atoms, to obtain vulcanizable rubbers of the

EPDM type. In the case of these latter processes, it has

been found that the catalysts of the present invention al-
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low the production of polymers having a particularly high

diene content and average molecular weight, under the po-

lymerization conditions.

In the case of the preparation of EPDM, the dienes

5 which can be used for the preparation of said terpoiymers

are preferably selected from:

linear chain dienes such as 1 , 4-hexadiene and 1,6-

octadiene;

branched dienes such as 5-methyl-l , 4-hexadiene; 3,7-

10 dimethyl-l,6-octadiene; 3, 7-dimethyl-l , 7-octadiene;

dienes with a single ring such as 1, 4-cyclohexadiene;

1, 5-cyclo-octadiene; 1, 5-cyclododecadiene;

dienes having bridged condensed rings such as dicyclo-

pentadiene; bicyclo [2 . 2.1] hepta-2, 5-diene; alkenyl,

15 alkylidene, cycloalkenyl and cycloalkylidene norborne-

nes such as 5-methylene-2-norbomene, 5-ethylidene-2-

borbornene (ENB) ,
5-propenyl-2-norbornene

.

Aroong the non-conjugated dienes typically used for

preparing these copolymers, dienes containing at least one

20 double bond in a stretched ring are preferred, even more

preferably 5-ethylidene-2-norbornene (ENB), and also 1,4-

hexadiene and 1, 6-octadiene.

in the case of EPDM terpolymer's, it is convenient for

the quantity of dienic monomer not to exceed 15% by weight,

25 and it is preferably from 2 to 10% by weight. The propylene
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content on the other hand ranges from 20 to 50% by weight.

The catalysts of the present invention can also be

used in homo- and co-polymerization processes of a-olefins

according to the known techniques, giving, with excellent

5 yields, atactic, isotactic or syndiotactic polymers, de-

pending on the structure and geometry of the metallocene

. complex having formula (XI). a-olefins suitable for .the

purpose are those having from 3 to 20 carbon atoms, option-

ally also comprising halogens or aromatic nuclei such as,

10 for example, propylene, 1-butene, 1-hexene, 4-methyl-l-

pentene, 1-decene and styrene.

The present invention is further described by the fol-

lowing examples, which, however, are provided for purely

illustrative purposes and do not limit the overall scope of

15 the invention itself.

EXAMPLES

The analytical techniques and characterization methods

used in the examples are listed below and are briefly de-

scribed.

20 The characterization by means of
3 H-NMR and iiC-NMR

spectroscopy mentioned in the following examples was car-

ried out on a nuclear magnetic resonance spectrometer mod.

Bruker MSL-300.

The characterization of the products and organic in-

25 termediates by means of gaschromatography/mass spectrogra-
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phy (GC-mass) was carried out with a Finnigan TSQ 700 in-

strument .

The measurement of the molecular weights of the ole-

finic polymers was carried out by means of Gel-Permeation

Chromatography (GPC) . The analyses of the samples were ef-

fected in 1,2, 4-trichlorobenzene (stabilized with Santonox!

at 135°C with a WATERS 150-CV chromatograph using a Waters

differential refractometer as detector.

The chromatographic separation was obtained with a set

of n-Styragel HT columns (Waters) of which three with pore

dimensions cf 10*, 10% 10 s A respectively, and two with

pore dimensions of 10* A, establishing a flow-rate of the

eluant of 1 ml/min.

The data were obtained and processed by means of

, Maxima 820- software version 3. 30 (Millipore) ; the number

(Mr.) and weight (MJ average molecular weight calculation

was carried out by universal calibration, selecting poly-

styrene standards with molecular weights within the range

of 6,500,000-2,000, for the calibration.

3 The determination of the content of units deriving

from propylene and possible diene in the polymers is car-

ried out (according to the method of the Applicant) by

means of IR on the same polymers in the form of films hav-

ing a thickness of 0.2 mm, using an FTIR Perkin-Elmer spec-

5 trophotometer model 1760. The intensity of the characteris-
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tic peaks is measured, of propylene at 4390 cm' and ENB at

1688 cm' respectively, in relation to the peak at 4255

cm-, and the quantity is determined using a standard cali-

bration curve.

5 The Melt Flow Index (MFD of the polymers is deter-

mined in accordance with the regulation ASTM D-1238 D.

in the preparation of the examples, the commercial

reagents listed below, were used:

ALDRICH
a-tetralone

ALDRICH
10 a-benzosuberone

5,7-dimethyl-l-tetralone
ALDRICH

CARLO ERBA
diethylcarbonate

FLUKA
propargylchloride

methyllithium (LiMe) 1.6 M in diethyl ether ALDRICH

15 butyllithium (LiBu) 2.5 M in hexane ALDRICH

zirconium tetrachloride (ZrCl<) FLUKA

methylalumoxane (MAO) (Eurecene 5100 10T, WITCO

10% weight/volume of Al in toluene)

The reagents and/or solvents used and not indicated

20 above are those commonly used both in bench and on indus-

trial scale and can be easily found at all commercial op-

erators specialized in the field.

EXAMPLE l : Synthesis of bis- (4, 5-dihydro-benzo [d] indenyl;

-

zirconium dichloride (XVIII)

25 la) Synthesis of l-oxo-2-ethyloxycarbonyl-l , 2, 3, 4-tetra-
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hydronaphthaiene (XI 1 1)

0=C(ODh
NaH

_,COOEt
tohiene

(Xlll)

2.5 liters of commercial toluene and 22 g of NaH (0.96

moles) are charged into a 3 liter three-necked glass flask,

equipped with a mechanical stirrer and cooler, the suspen-

10 sion is left under stirring at room temperature for 2 hours

and 115 ml of diethylcarbonate (0.94 moles) are then added.

The mixture is then heated to 80-90 6
C and 38 ml of o-

tetralone (0.28 moles) diluted in 80 ml of toluene are

added, in about 3 hours, by means of a drip funnel. The re-

15 action mixture is maintained at 90°C and the trend is peri-

odically controlled by means of thin layer chromatography

(T.L.C.) on samples removed for the purpose. After about 24

hours, the complete disappearance of a-tetralone is ob-

served.

20 The reaction mixture is carefully poured into about 1

kg of ice containing 50 ml of glacial acetic acid. The

phases are separated and the aqueous phase is repeatedly

extracted with ethyl ether, the organic extracts are subse-

quently washed with water saturated with NaHC0 3 and then

25 with water until neutrality. The organic phase, after anhy-
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drification on Na : SO, is evaporated at reduced pressure un-

til 53 g of a red-colored oily residue is obtained, which

is purified by distillation on a 20 cm. vigreux column.

42.65 g (density =1-15 g/cnT) of the desired l-oxo-2-

5 ethyloxycarbonyl-l,2,3,4-tetrahydronaphthalene having for-

mula (XIII) in the above scheme, are obtained. The NMR

spectrum shows that the product is present in solution in

ketonic and enolic forms in a ratio of 55/45 respectively.

>H NMR (CDCl,. 8, ppm rel . to TMS) : 12.48 (s, 0.45H enol)

;

10 7.81-7.14 (m, 4H) ; 4.24 (dq, 2H) ; 3.59 (dd, 0.55H ketone);

3.1-2.2 (m, 4H) ; 1.31 (dt,3H)

.

lb) Synthesis of i-oxo-2-prop-2-inyl-2-ethoxycarbonyl-

1,2,3, 4-tetrahydro-naphthalene (XIV)

O

15 Y Na
HC^CCHjCICO DOB

(XIV)
(Xffl)

4.1 g (0.178 moles) of metal sodium, are charged into a

1 liter flask and 500 ml of anhydrous ethanol are added.

20 After complete dissolution of the metal sodium, 42 g (0.175

moles) of l-oxo-2-ethoxycarbonyl-l,2,3,4-tetrahydronaphth-

alene (XIII) obtained as described above, are added. A

light yellow milky solid is immediately formed. The mixture

is heated to the reflux temperature of the solvent, and 42

25 ml (0.4 moles) of propargyl chloride diluted with 30% of
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toluene are then added by means of a drip funnel in about 2

hours. At the end of the addition, the mixture is kept at

reflux temperature for about 3 hours and is then cooled to

room temperature and left under stirring for the whole

night. In this phase there is the progressive disappearance

of the yellow milky solid with the formation of a colorless

crystalline solid. About 400 ml of EtOH are removed by

evaporation at reduced pressure, the mixture is subse-

quently hydrolyzed with water and ice and extracted with

various portions cf ethyl ether. The ether extracts are

joined, washed with water until neutrality and dried on an-

hydrous Na :.S0<. The solvent is then evaporated at reduced

pressure and 45 g of an oily reddish-brown residue is ob-

tained, consisting of 70% by weight of the desired product

(XIV) (GC analysis, 70% yield)

.

lH NMR (CDC1;. 8, ppm rel . to TMS) : 7.4-7.1 (m, 4H) ; 4.14

(q, 2H); 3.2-2.95 (m, 2H) ; 2.88 (d, 2H) ; 2.7-2.3 (m, 2H) ;

2.00 (t, 1H) ; 1 .53 (t, 3H) .

lc) Synthesis of l-oxo-2- (2-oxo-propyl) -2-ethoxycarbonyl-

1, 2, 3, 4-tetrahydro-naphthalene (XV)

:

*CH2(=CH

.COOEt

McOH + CKCCOOH

HgO + BF,(Et:0)

""CH2CCH3

O

,COOEt

(XIV) (XV)
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The following products are charged in order into a 500

ml glass flask: 200 ml of methanol, 0.32 g (1.5 mmoles) of

mercury oxide, 1.4 ml (11 mmoles) of borontrifluoride

etherate and 0.07 g (0.4 mmoles) of trichloroacetic acid.

•5 45 g (0.123 moles) of the compound having formula

(XIV) obtained as described in the previous step (b) ,
dis-

solved in 50 ml of methanol, are added to the suspension

thus obtained. The reaction mixture is then left under

stirring at room temperature for 18 hours and is subse-

10 quently hydrolyzed with water and extracted with various

portions of ethyl ether. The ether extracts are joined, an-

hydrified on NaiS0< and concentrated by evaporation at re-

duced pressure, obtaining at the end an oily red residue

containing 43.5 g of the desired product having formula

15 (XV) (65% purity upon GC analysis, 86% yield) .
Analyses

show that both ethyl ester (45%) and methyl ester (55%) de-

riving from the transesterif ication of the product (XV) due

to the use of methanol as solvent, are present. The product

is not additionally purified.

20 :H NMR (CDC1;, 5, ppm rel . to TMS) : 7.4-7.1 <m, 4H) ; 4.14

(q, 0.45x2K, ethyl ester); 3.67 (s, 0.55x3H, methyl ester);

3.2-2.3 (m, 6H); 2.22 Is, 3H) ; 1.29 (t, 0.45x3H, ethyl es-

ter) .

Id) Synthesis of 3, 3a, 4 , 5-tetrahydrc-cyclopenta [a] naphth-

25 alen-2-one (XVI)
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(XV)

500 ml of water and 40 g of KOH are charged into a 1

liter glass flask, containing 43 g of 2-ethoxycarbonyl-2-

(2-oxopropyl)-a-tetralone (XV), 65°o purity, obtained as de-

scribed above. The mixture is then heated to reflux tem-

10 perature for 10 hours, the reaction trend being followed by

means of TLC.

The aqueous suspension is cooled to room temperature

and extracted with various portions of ethyl ether, the or-

ganic fractions are joined and subsequently washed with wa-

15 ter saturated with NH.Cl, then with water until neutrality

and dried on anhydrous Na 2S04 . The solvent is removed under

vacuum and 26.5 g of an oily red residue are obtained,

which contains 65% (GC analysis) of the product (XVII)

(yield 93%), which is purified by means of flash chromatog-

20 raphy, using a 70/30 (by volume) mixture of hexane/ethyl

acetate as eluant and SiO : (Merck) 32-60 A as stationary

phase. At the end of this operation, 9.4 g (51 mmoles) of

the desired pure product having formula (XVII) are recov-

ered .

25 >H NMR (CDCI? 8, ppm rel. to TMS) : 7.65 (d, 1H) ;
7.4-7.2
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(m, 3H); 6.38 (d, IH, ) ; 3.1-2.9 (m, 3K) ; 2.84-2.72 <dd,

1H); 2.35-2.26 (m, IH) ; 2.25-2.14 <dd, 1H) ; 1.77-1.55 (m,

1H) .

le) Synthesis of 3a, 4, 5-trihydro-cyclopenta [a] naphthalene

5 (XVII)

») LiADlt , - 20 °C

b) H
+

, 25 °C

10

3.5 g (92 mraoles) of LiAlH, and 250 ml of ethyl ether

are charged into a 500 ml flask. 50 ml of a solution of

ethyl ether containing 4.0 g (21,5 mmoles) of the product

having formula (XVI) are added at -20°C by means of a drip

15 funnel over a period of about 1 hour, to the suspension

thus formed. At the end of the addition, the temperature is

brought to 25°C and the mixture is left under stirring for

2 hours, obtaining a yellow mixture. This reaction mixture

is carefully poured into water and ice and is then acidi-

20 fied with HC1, extracted with various portions of ethyl

ether, the organic phase is dried on anhydrous .Na^SO,, and

finally the solvent is evaporated at reduced pressure, ob-

taining 2.9 g of the desired pure product (XVII), as a

light yellow granular solid (yield 80%)

.

25 If) Synthesis of bis- (4 , 5-dihydro cyclopenta [a] naphthal-
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enyl zirconium dichloride (XVIII)

.

PCT/EP01/03127

ZiCU

(XVI11)

2.9 g (17.3 mmoles) of the cyclopentaciienyl compound

10 having formula (XVII) obtained according to the previous

step (e) and 200 ml of hexane are charged into a 500 ml

flask. 16 ml (25.6 mmoles) of LiBu (1.6 M in hexane) are

then added in about 30 minutes by means of a drip funnel. A

yellow solid is rapidly formed. The mixture is left under

15 stirring at room temperature for 18 hours, the solid is

then recovered by filtration, washing with three 20 ml por-

tions of hexane and the product is dried at reduced pres-

sure, thus obtaining 0.7 g of the lithium salt of the cy-

clopentadienyl compound having formula (XVII) (24% yield).

20 The lithium salt thus obtained and 100 ml of ethyl

ether are charged into a 250 ml flask. A suspension is ob-

tained which is cooled to 0°C and 0.5 g (2.14 mmoles) of

ZrCl, are added. The reaction mixture is then left under

stirring for 4 hours in this phase; a yellowish colouring

25 is obtained and a white solid is formed which can be easily
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decanted. The suspension is then filtered and the solid

washed with three 10 ml portions of ethyl ether. The ether

solution is evaporated under vacuum, at room temperature,

and in this way a solid yellow residue remains, from which

the complex (XVIII), pure by crystallization from toluene

pentane, is obtained.

NMR (CD.-C1; 8, ppm rel . to TMS) : 7.41 (d, 1H) ;
7.35-7.15

(m, 7H); 6.36 (t, 1H) ; 6.30 (dt, 2H) ; 6.05 (dd, 1H) ;
5.90

(dd, 1H); 5.77 (t, 1H); 3.10-2.S5 (m, 3H) ; 2.90-2.60 (m,

9H) .

EXAMPLE 2 : Synthesis of bis- (4 , 5, 6-trihydro-benzo [e] azul-

enyl) zirconium dichloride (XXIV)

2a) Synthesis of 5-oxo-6-ethoxycarbonyl-6, 7, 8, 9-tetrahyd-

ro-5H-benzocycloheptadiene (XIX)

.

,COOEt

NaH
+ O=C(0Etb —=-00

(XIX)

11.5 g of NaH (0.48 moles) in 600 ml of commercial

toluene are suspended in a 1 liter glass flask, eguipped

with a bubble cooler, and the whole mixture is maintained

under stirring at room temperature for 2 hours. 63 ml of

diethyl carbonate (0.52 moles) are then added and the mix-

, ture is heated to 90°C, after which 25 g of a-benzosuberone
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(C.156 moles) dissolved in 50 ml of toluene are added, by

means of a drip funnel in about 3 hours. The reaction trend

is controlled by means of T.L.C. and after about 4 hours at

90°C, the complete disappearance of ct-benzosuberone is ob-

5 served. The reaction mixture is carefully poured into about

1 kg of ice containing 50 mi of glacial acetic acid. The

phases are separated and the aqueous phase is repeatedly

extracted with ethyl ether, the organic extracts are subse-

quently joined and washed with water saturated with NaHCO;.

10 and then with water until neutrality. The organic phase is

anhydrified on Na : S0 4 and the solvents are completely re-

moved at reduced pressure. 33.2 g of a yellow oil consist-

ing of the desired ketoester having formula (XIX) in the

above scheme, are obtained, with a 90% purity. The
'
lH NMR

15 spectrum shows that the product (XIX) is present in solu-

tion in ketonic and enolic forms in a ratio of 25 to 75%

respectively.

:H NMR (CDCla 5, ppm rel. to TMS) : 12.70 (s, 0.75H enol);

7.7-7.1 (m, 4H); 4.28 <dq, 2H) ; 3.78 (dd, 0.25H ketone);

20 2.93 (m, 2x0. 25K ketone); 2.63 (t, 2x0. 75H enol); 2.3-1.8

(m, 4H); 1.34 (t, 3x0. 75H enol); 1.25 (t, 3x0. 25H ketone).

2b) Synthesis of 5-oxo-6-ethoxycarbonyi-6-prop-2-inyl-

6, 7, 8, 9-tetrahydro-5H-benzocycloheptadiene (XX)

.

25
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(XIX) (XX)

4.5 g of metal sodium and 100 ml of anhydrous methanol

are charged into a 500 ml glass flask. The mixture is left

under stirring until complete dissolution of the sodium,

after which the solvent is evaporated and the solid ob-

tained is further dried in order to remove most of the

methanol present.

The colourless solid thus obtained is dispersed in 200

ml of toluene, the ketoester (XIX) is added, the suspension

is then heated to 80°C and 31 ml (0.295 moles) of propargyl

chloride in a solution at 70% in toluene are added, by

means of a drip funnel, in about an hour. After 24 hours,

G.C. analysis of the reaction mixture shows that all the

ketoester (XIX) has been converted. The reaction mixture

is then hydrolyzed with water and ice and extracted with

various portions of ethyl ether. The ether extracts are

joined and subsequently washed with water and dried on an-

hydrous Na :?
SO,. The solvent is then removed at reduced

pressure and 38.5 g of a reddish-brown oil are thus ob-

tained, in which about 35% of the desired product having

formula (XX) is present, as determined on the basis of GC-

mass analysis.
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2c) Synthesis of 5-oxo-6-ethoxycarbonyl-6- (2-oxo-propyl)

-

6, 7, 8, 9-tetrahydro-5H-benzccycloheptadiene (XXI) :

O COOB 9 /COOa

MeOH + CI3CCOOH

(XX) <XXI >

The following products are charged in order into a 500

ml flask, at room temperature: 250 ml of methanol, 1.2 g

(5.6 mmoles) of mercury oxide HgO, 1.5 ml (11.8 mmoles) of

10 boron trifiuoride etherate, 0.07 g (0.4 mmoles) of trichlo-

roacetic acid and 38.5 g of the impure product (35%) having

formula (XX) obtained as described above. The dark suspen-

sion thus formed is reacted by heating to 50°C for 4 hours.

At the end, the methanol is removed at reduced pressure and

15 water is added to the residue, forming a suspension which

is extracted with various portions of ethyl ether. These

are joined, washed with water until neutrality and anhydri-

fied on Na : SO.;
. The ether solution is dried obtaining 38 g

of a reddish-brown oil containing about 35% of the desired

20 product (XXI)

.

2d) Synthesis of 3, 4,5, 6-tetrahydro-3H-benzo [ e] azulen-2-

O
one (XXII)

:

O COOEl

25 ,xxn (XXII)
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55 g (0.98 moles) of potassium hydroxide are dissolved

in 300 mi of water in a 500 ml flask and 36 g of compound

(XXI), obtained as described above, are added. A suspension

is formed, which is heated to reflux temperature for 12

5 hours, the reaction being followed by G.C.

At the end of the reaction, the suspension is cooled

to room temperature and extracted with various portions of

ethyl ether. The ether extracts are subsequently washed

with water saturated with NH 4Cl and subsequently with water

10 until neutrality, then dried on anhydrous Na : SO, .
After

evaporation of the solvent: at reduced pressure, 13 g of an

oily red liquid are obtained, which is purified by means of

flash chromatography on a column, using a 70/30 (by volume)

mixture of hexane/ethyl acetate as eluant and SiO, (Merck)

15 32-60 as stationary phase. 2.2 g of the desired pure prod-

uct (XXII) are obtained at the end.

>H NMR (CDC1, 6, ppm rel. to TMS) : 7.4-7.1 (m, 4H) ;
6.20

(d, 1H); 3.2-2.6 (m, 4H) ; 2.4-1.2 (m, 5H)

.

2e) Synthesis of 3a, 4 , 5, 6-tetrahydro-benzo [e] azuler.e (XXIII)

20

LIAU1.. -20°C

HCL 25 "C

25
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A solution of 2.2 g of the compound (XXII), prepared

as described above, in 20 ml of ethyl ether, are charged,

over a period of about 1 hour, into a 250 ml flask cooled

to -20°C, containing a mixture of 2.1 g (55 mmoles) of

5 LiAlH, and 100 ml of ethyl ether. A light yellow suspension

is formed which is maintained under stirring at room tem-

perature for a further 2 hours. At the end of the reaction,

the suspension is carefully poured into water and ice and

is then acidified with HC1 and extracted with four 50 ml

10 portions of ethyl ether. The organic phase is treated with

p-toluenesuifonic acid in excess and maintained at 4°C for

18 hours. It is then hydrolyzed with water saturated with

NaHCO:-; and washed until neutrality. After drying on. Na^SO,

and removing the solvent under vacuum, 1.1 g of the desired

15 product (XXIII) are obtained in the form of a red oil.

2f ) Synthesis of bis- (4, 5, 6-trihydro-benzo [e] azulenyl )

-

zirconium dichloride (XXIV)

25

- 53 -



WO 01/74745 PCT/EP01/03127

1.1 g (6 mmoies) of the product (XXIII), obtained as

described above, are dissolved in ethyl ether in a 100 ml

flask and 10 ml of lithium butyl 1.6 M in hexane (16

mmoles) are added, after cooling to -20°C, over a period of

5 about 30 minutes. The mixture is then brought to room tem-

perature and left to react, under stirring, for a further 4

hours. A light yellow solid is formed, which is recovered

by filtration, washed three times with 10 ml of hexane and

dried under vacuum.

10 0.94 g of lithium salt of compound (XXIII) are thus

obtained (83°c yield), which are charged into a 250 ml flask

containing 100 ml of ethyl ether. The suspension thus ob-

tained is cooled to 0°C, 0.52 g of ZrCl 4 are added and the

mixture is maintained under stirring for 4 hours. The reac-

15 tion mixture is brought to room temperature, filtered and

the solid extracted three times with 10 ml of ethyl ether.

After evaporating the ether, an orange oily residue is ob-

tained which is treated under heat with a mixture of tolu-

ene/hexane (1/1 by volume). The red insoluble part is re-

20 moved by filtration under heat and on cooling the hydrocar-

bon solution, a yellow-orange solid is formed, which is re-

covered by filtration, washed with hexane (10 ml) and dried

under vacuum. 0.21 g of the desired zirconium complex

(XXIV) are thus obtained.

25 ] H NMR (CDC1;: 8, ppm rel. to TMS) : 7.4-7.0 (m, 8H) ; 6.63
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(t, 1H); 6.60 (t, 1H); 6.21 (m, 4H) ; 3.1-2.9 (m, 2H) ;
2.8-

2.4 (m, 6H) ; 2.3-1.9 (m, 4H) .

EXAMPLE 3 : Synthesis of • bis- (7, 9-di-methyl-4, 5-di-

hydro-benzo[d] indenyl) zirconium dichioride (XXX)

5 3a) Synthesis of 5, 7-dimethyl-l-oxo-2--ethoxycarbonyl-

.

1,2,3, 4-tetrahydronaphthalene (XXV)

coon

A suspension of 12.2 g (0.53 moles) of sodium hydride

in a liter of toluene are maintained under stirring in a 2

liter flask for 2 hours at room temperature, and 85 ml

15 (0.69 moles) of diethylcarbcnate are then added. The mix-

ture is heated to 90°C and 25 g of 5, 7-dimethyl-l-tetralone

(0.14 moles) dissolved in 150 ml of toluene are added, in

abour 2 hours. The reaction mixture is kept under stirring

for a further 8 hours at 90°C until the reagent disappears.

20 At the end the reaction mixture is hydrolyzed by pouring it

into ice containing 50 mi of glacial acetic acid. The

phases are separated and extracted repeatedly with ethyl

ether, the overall organic phase is washed with water satu-

rated with NaHCOv, then with water until neutrality and fi-

25 nally dried on anhydrous Na^SO, . Upon removal of the sol-
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vents at reduced pressure, 33 g of the desired pure keroes-

ter (XXV) are obtained in the form cf a red oil (96°o

yield) . NMR spectra show that the product is present in so-

lution in ketone and enolic form in a ratio of 55% and 45%

5 respectively.

lU NMR (CDC1; 6, ppm rel. to TMS): 12.50 (s, 0.45H); 7.71

(s, 0.55H);7.49 (s f 0.45H); 7.17 (s, C.55H); 7.01, (s,

0.45H); 4.25 (dq, 2H) ; 3.53 (dd, 0.55H); 3.1-2.2 (m, 4H) ;

2.30 (s, 3H); 2.24 (s, 3H) ; 1-34 (t, 0.45x3H); 1.28 (t,

10 0.55x3H) .

xiC NMR (CDC1;- 8, ppm rel . to TMS): 194 .38; 173.46; 170.96;

166.18; 136.77; 136.96; 136.63; 136.08; 135.44; 134.01;

132.66; 130.64; 129.81; 128.93; 97.07; 61.79; 61.11; 54.73;

26.43; 25.11; 24.23; 21.64; 21.47; 21.04; 19.89; 19.84;

15 15.04; 14.87.

3b) Synthesis of 5, 7-l-oxo-2-ethoxycarbonyl-2- (prop-2-

inyl) -1, 2, 3 ,
4-tetrahydronaphthalene (XXVI)

20

(XXVI)

5.0 g (0.217 moles ) of metal sodium and 500 ml of an-

hydrous ethyl alcohol are charged into a 1 liter flask and

25 kept under stirring until the complete dissolution of the
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sodium; the ketoester (XXV) is then added. 30 ml of propar-

gyl chloride (0.285 moles) dissolved in 70 ml of toluene

and 20 ml of EtOH are then added, by means of a filter fun-

nel, over a period of 1 hour. The suspension thus obtained

5 is maintained under stirring at reflux temperature for a

further 8 hours, is then cooled to room temperature, hydro-

lyzed by the addition of water and extracted with various

portions of ethyl ether. The organic phase is repeatedly

washed with water until neutrality and dried on anhydrous

10 Na 2S0 4 . The solvent is subsequently evaporated under vac-

uum, thus obtaining 25 g of a red oil which, upon subse-

quent ;H NMR analysis proves to be the desired product

(XXVII) (65% yield)

.

»H NMR (CDC1 3 6, ppm rel. to TMS) : 7.72 (s, 1H) ; 7.19 (s,

15 1H); 4.13 (dq, 2H) ; 3.1-2.6 (m, 2H) ; 2.86 (dd, 2H) ;
2.5-2.2

(m, 2H).; 2.31 (s, 3H) , 2.24 (s, 3H) ; 2.01 (t, 1H) ; 1.14 (t,

3H) .

3c) Synthesis of 5, 7-dimethyl-l-oxo-2-ethoxycarbonyl-2- (2-

oxo-propyl) -1, 2, 3, 4-tetrahydronaphthalene (XXVII)

The following products are charged in order into a 1

25 liter flask: 1.5 g (7 mmoles) of HgO, 2 ml (15.7 mmoles) of
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boron trifiuoride etherate (BF : (EtO), 0.015 g (0.9 mmoles)

of trichloroacetic acid, 400 ml of methanol and 20 g (0.07

moles) of the product (XXVI) obtained as described above.

The reaction mixture is heated to 50°C and maintained at

5 .this temperature, under stirring for 5 hours. After cooling

to room temperature, water is added to hydrolyze the mix-

ture, which is then extracted with various portions of

ethyl ether. 19.3 g of an oily liquid are obtained from the

organic phase, after anhydrifying on Na : SO, and removal of

10 the solvent at reduced pressure, which, after characteriza-

tion, proves to be the desired product having formula

(XXVII) (96% yield)

.

*H NMR (CDC1« 5, ppm rel. to TMS) : 7.71 (s, 1H) ; 7.18 (s,

1H); 3.66 (s, 3H) ; 3.01 (s, 2H) ; 2.79 (m, 2H) ; 2.45 (m,

15 2H); 2.31 (s, 3H); 2.23 (s, 3H) ; 2.22 (s, 3H)

.

3d) Synthesis of 6, 8-dimethyl-3, 3a, 4 , 5-tetrahydro-cyclo-

penta [a] naphthalen-2-one (XXVII

)

20

lip

The following products are charged in order into a 500

ml flask: 250 ml of water, 30 g (0.53 moles) of potassium

25 hydroxide and 10 g (34.7 mmoles) of the product having for-
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mula (XXVII) .
obtained as .described above. The mixture is

then heated to reflux temperature for 50. hours, the reac-

tion trend being controlled by T.L.C. At the end, a sus-

pension is obtained which is cooled to room temperature and

5 extracted with various portions of ethyl ether, the overall

organic phase is then washed with water saturated with

NH4CI and subsequently with water until neutrality, and is

finally dried on anhydrous Na : SO, . After removal of the

solvent at reduced pressure, 3.5 g of brown semi-sclid

10 residue are obtained, which contains about 7C°o of the de-

sired cyclopentenone product having formula (XXVIII) (33%

yield) . The pure product is then recovered by means of

flash chromatography, using a 70/30 (by volume) mixture of

hexane/ethyl acetate as eluant and SiO; (Merck) 32-60 as

15 stationary phase

.

*H NMR ' (CDClv 8, ppm rel. to TMS) : 7.31 <s, 1H) ; 7.08 (s,

1H); 6.35 (d, 1H) ; 3.1-2.6 (m, 4H) ; 2.4-2.1 (m, 2H) ; 2.32

(s, 3H); 2.24 (s, 3H) ; 1.8-1.5 (m, IK).

i:
'C NMR (CDCI3 5, ppm rel. to TMS) : 208.87; 176.97; 137.75;

20 136.42; 135.48; 134.50; 130.55; 125.82; 123.96; 108.24;

107.23; 43.44; 40.09; 30.46; 27.47; 21.53; 20.13.

3e) Synthesis of 6, 8-dimethyl-3a, 4 , 5-trihydrocyclopen-

ta [a] naphthalene (XXIX)

25
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»)li\IHi .20"C:

b)lf 2S°C

Me

(XXV1I1)

5 1.2 g (31 mmoles) of LiAlH, are suspended in 50 ml of

diethyl ether in a 100 ml flask and, after bringing the

temperature to -20 6
C, a solution of 1.6 g (7.5 mmoles) of

the product having formula (XXX), obtained as described

above, in 20 ml of Et.O, are added over a period of about

10 30 minutes. At the end of the addition the temperature is

brought to 25°C and the mixture is maintained under stir-

ring for a further 3 hours. The reaction mixture is then

hydrolyzed by carefully pouring it into water and ice, is

acidified by adding 5 ml of cone. HC1, extracted with ethyl

15 ether and the organic phase is anhydrified on Na 2SO,. After

evaporation of the solvent under vacuum, 1.4 g of a light

brown solid product are obtained, which, after characteri-

zation, proves to be the desired substituted cyclopentadi-

ene product having formula (XXIX), almost pure.

20 3f) Synthesis of bis- ( 6, 8-dimethyl-4 ,
5-dihydrocyclopenta-

[a]naphthalenyl) zirconium dichloride (XXX)

25

- 60 -



WO 01/74745 PCT/EP01/03127

Mc>

+ LiBuCO 0°C

Me

(XXEX)

10

(XXX)

75 ml of ethyl ether and 1.4 g (6.6 mmoles) of the di-

ene having formula (XXIX) obtained as described above, are

charged into a 250 ml flask. After cooling the mixture to

15 0°C, 10 ml- of a solution of lithium butyl 1.6 M in hexane

(16 mmoles) are added by means of a syringe, the tempera-

ture is left to slowly rise to 25°C and the mixture is

maintained under stirring for 18 hours. The solvent is then

removed at reduced pressure and hexane (100 ml) is added.

20 The light brown solid which is formed in this phase is re-

covered by filtration, washed on a filter with 3 20 ml por-

tions of hexane and dried under vacuum. 0.3 g of the lith-

ium salt of the product having formula (XXIX) are thus ob-

tained.

25 This lithium salt (1.48 mmoles) is suspended in 100 ml
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of anhydrous ethyl ether in a 250 ml flask and, after cool-

ing to -20°C, 0.16 g (0.69 mmoles) of ZrClj are added. The

temperature is left to rise to 25°C and the mixture is then

kept under stirring for 4 hours. A light-coloured solid is

5 formed which can be easily decanted. The suspension is fil-

tered, the resulting ether solution is then dried and the

solid thus obtained is re-crystallized from tolu-

ene/pentane. The desired metallocene complex having formula

(XXX) is thus recovered.

10 EXAMPLES 4-14: copolymer! zation of ethylene wi th MAO as co-

catalyst .

Examples 4 to 14 refer to a series of co- and ter-

polymerization tests for the preparation of elastomeric

polymers of the EP(D)M type based on ethyl-

15 ene/propylene/ethylidenenorbornene (ENB) , carried out using

a catalytic system comprising one of the metallocene com-

plexes, obtained as described above in examples 1 and 2,

and methyl alumoxane (MAO) as cocatalyst. The specific po-

lymerization conditions of each example and the results ob-

20 tained are indicated in Table (ID, which specifies in suc-

cession, the reference example number, the metallocene com-

plex used, the quantity of zirconium used, the atomic ratio

between aluminum in MAO and zirconium in the metallocene,

the total polymerization pressure, the initial concentra-

25 tion of ENB, if present, the activity of the catalytic sys-
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tem as kilograms of polymer per gram of metal zirconium per

hour (kg„ : ./g:.rxh), the relative quantity, by weight, of the

Ci monomeric units and ENB in the polymer, the weight aver-

age molecular weight M, and the molecular weight dispersion

5 M„/Mn .

The polymerization is carried out in a 0.5 liter pres-

sure reactor, equipped with a magnetic anchor drag stirrer

and an external jacket connected to a heat exchanger for

the temperature control. The reactor is previously flushed

10 by maintaining under vacuum (0.1 Pascal) at a temperature

of 80°C for at least 2 h.

120 g of liquid "polymerization grade" propylene and

the ENB diene, if required, are fed into the reactor at

23°C, in such a quantity as to obtain the molar concentra-

15 tion indicated in the corresponding column in table (II)

below. The reactor is then brought to the polymerization

temperature of 40°C and, "polymerization grade" gaseous

ethylene is fed by means of a plunged pipe until the total

desired equilibrium pressure (2.0-2.7 MPa) is reached. Un-

20 der these conditions the molar concentration of ethylene in

the liquid phase ranges from 11 to 23%, depending on the

total pressure of the system, as can be easily calculated

using the appropriate liquid-vapcr tables.

MAO, as a 1.5 M solution (as Al) in toluene and the

25 desired quantity of one of the above metallocene complexes,
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as a toluene solution having a concentration generally

ranging from 3 x 10"= to 1 x 10"" M, are charged into a

suitable tailed test-tube, maintained under nitrogen. The

catalyst solution thus formed is maintained at room tem-

5 perature for a few minutes and is then transferred under a

stream of inert gas to a metal container from which it is

introduced into the reactor, by means of an overpressure of

nitrogen.

The polymerization reaction is carried out at 40°C,

10 care being taken that the total pressure is kept constant

by continuously feeding ethylene to compensate the part

which has reacted in the meantime. After 15 minutes the

feeding of ethylene is interrupted and the polymerization

is stopped by the rapid degassing of the residual monomers.

15 The polymer is recovered, after washing it with ethyl alco-

hol and drying at 60°C, at a reduced pressure of 1000 Pa,

for at least 8 hours, in order to completely eliminate any

possible residual monomers. The solid thus obtained is

weighed and the catalytic activity is calculated as de-

20 scribed above. The content of the various C, monomeric

units and ENB is measured on the dried and homogenized

solid, by means of the known techniques based on IR spec-

troscopy, together with the weight (M„) and number (M,) av-

erage molecular weight. The results are indicated in Table

25 II.
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EXAMPLES 15 TO 19 :

Examples 15 to 19 refer to copolymerization tests of

ethylene with propylene for the preparation of the corre-

sponding elastomeric polymers of the EPR type, carried out

using a catalytic system comprising the metallocene complex

having formula (XVIII) obtained as described above in exam-

ple 1, an aluminum alkyl and an appropriate compound of bo-

ron as co-catalyst (catalytic system of the cationic type)

.

The specific polymerization conditions of each example and

the results obtained are indicated in Table III, which

specifies in succession, the reference example number, the

quantity of zirconium used, the atomic ratio between alumi-

num and zirconium, the atomic ratio between boron and zir-

conium, the total polymerization pressure, the activity of

the catalytic system with reference to the zirconium, the

relative quantity, by weight, of the C 3 monomeric units in

the polymer, the weight average molecular weight Mw and the

molecular weight dispersion Mw/M r:
.

Preparation of the catalytic system

AKiso-Bu)? as a 0.4 M solution in toluene and the de-

sired quantity of the metallocene complex (XVIII), as a

toluene solution having a concentration generally ranging

from 3x1 (P* to 1x10° M, are charged into a suitable tailed

test-tube, maintained under nitrogen. The solution thus

formed is maintained under stirring at 23°C for 15 minutes,
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after which a toluene solution, having a concentration gen-

erally ranging from 5xl0"
J to lxKTM, of [CPh,] [B (C,F,) 4 ]

is

added, and then, after a few minutes, is transferred under

a stream of inert gas to a metal container from which it is

introduced into the reactor, by means of an overpressure of

nitrogen.

Polymerization

The polymerization is carried out in a 0.5 liter pres-

sure reactor, equipped with a magnetic anchor drag stirrer

and an external jacket connected to a heat exchanger for

the temperature control. The reactor is previously flushed

by maintaining under vacuum (0.1 Pascal) at a temperature

of 80°C for at least 2 h.

120 g of liquid "polymerization grade" propylene and

the exact quantity of Al(iso-Bu) 3 so as to obtain an alumi-

num concentration of 5xl0"5 moles/liter, are fed into the

reactor at 23°C. The reactor is then brought to the polym-

erization temperature of 40°C and, "polymerization grade"

gaseous ethylene is fed by means of a plunged pipe until

the desired equilibrium pressure (2.2-2.7 MPa) is reached.

Under these conditions the molar concentration of ethylene

in the liquid phase ranges from 12 to 23%, depending on the

total pressure of the system, as can be easily calculated

using the appropriate liquid-vapor tables. At this point

the catalytic system is introduced from a suitable con-
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tainer connected to the reactor, by means of an overpres-

.

sure of nitrogen. The polymerization reaction is carried

out using the same procedure and under the same conditions

as the previous examples 4 to 14. At the end, the polymer

thus obtained is weighed and the catalytic activity is cal-

culated as kilograms of polymer per gram of metal zirconium

per hour (kgp, i./g,rxh) . The content of propylene units, is

measured on the dried and homogenized solid, by means of

the known techniques based on IR spectroscopy, together

with the weight (M,i and number (MJ average molecular

weight. The results are indicated in Table (III).
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CLAIMS

1. A polycyclic cyclopentadienyl compound having the fol-

lowing formula (II)

:

wherein: each of the symbols Ri, R2* R3/ R4# R5/ R <?/ R-/

Z
1 and Z

2 independently represents hydrogen or an

organic substituent having from 1 to 15 carbon

atoms, and in addition, any one of said R or Z

groups can be a divalent organic group further

bound to another organic group having from 5 to

20 carbon atoms and comprising a cyclopentadienyl

group, and

"n" has any of the integer values from 1 to 10

extremes included;

or a mixture of said compounds having formula (II)

.

2. The compound according to claim 1, wherein each of the

said symbols Ri, R2 , Ra, R4, Re, R?# Z
1 and Z

: repre-

sents hydrogen or an alkyl group, linear or branched,

having from 1 to 6 carbon atoms, and "n" has values of

1 to 3.
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3. The compound according to any of the previous claims 1

or 2, wherein, in formula (II)/ Z
1 and Z

: are both hy-

drogen.

4. The compound according to claim 3, wherein any two

groups selected from those represented by R i# R;
/ K

and Rj in formula (II) are linear or branched alkyl

having from 1 to 4 carbon atoms.

5. The compound according to any of the previous claims,

wherein, in formula {ID, the symbols Ri, R:, Rv, R,/

V and Z- all represent hydrogen and at least one of

the symbols R5# Re or R-, independently represent

methyl or ethyl, preferably methyl.

6. The compound according to any of the previous claims,

wherein, in formula (ID, one of the groups R5 , Re or

Rlr preferably Rs or R7 , is a divalent hydrocarbon or

silane group having from 2 to 6 carbon atoms, further

bound to a second cyclopentadienyl group having from 5

to 20 carbon atoms, preferably selected from cyclopen-

tadienyl, indenyl, fluorenyl and homologous groups

20 thereof.

7. A saline compound or complex comprising at least one

polycyclic cyclopentadienyl anion, formally deriving

from any of the compounds having formula (II) accord-

ing to the previous claim 1 by the extraction of an H
T

25 acid ion from the cyclopentadienyl ring, having the
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following general formula (X)

:

(X)

wherein

:

each symbol R-,, R:, R3, R4 , Rs, R*, Ri, Z
1 and Z

:

, and

also the deponent V, has the same meaning, as the

corresponding symbol in formula (II) according to any

of the previous claims 1 to 6;

Mv represents any metal of the periodic table of ele-

ments having an oxidation state (or valence) "v"

greater than zero;

each Z f is independently a group of an anionic nature

bound to the metal Mv as anion in an ionic couple or

with a covalent bond of the "a" type;

Z" represents an organic radical having from 5 to 30

carbon atoms, comprising a cyclopentadienyl anion 7t-

coordinated to the metal M v

;

"m" has the value of 1 or 0 depending on whether Z" is

present or absent in the compound having formula (X)

;

"p ff has such values that p = (v - m - 1) .

6. The saline compound according to the previous claim 1,
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wherein said metal M v is selected from metals of

groups 1 or 2 of the periodic table.

9. The saline compound according to claim 8, wherein said

metal Mv is selected from lithium, sodium or magne-

5 sium.

10. The complex according to the previous claim 7, wherein

said metal Mv
is selected from transition metals of

groups 3 to 10 of the periodic table, including metals

of the group of lanthanides.

10 11. The complex according to claims 7 or 10, wherein said

metal Mv is selected from metals of groups 4 to 6 of

the periodic table, and is preferably Ti, Zr or Hf in

oxidation state +4.

12. The complex according to any of the previous claims

15 from 7 to 11, wherein a group selected from said Z 1

and Z" in formula (X) is further covalently bound with

the polycyclic cyclopentadienyl group deriving from

the compounds having formula (II), bound, in the same

formula (X), to the metal Mv
, by means of a divalent

20 hydrocarbon or silane having from 1 to 15, preferably

from 2 to 6, carbon atoms, to form a so-called

"bridged" structure

.

13. The biscyclopentadienyl complex according to claim 12,

having the following general formula (XI):
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Mq(X')(X") t

(C P)

(XI)

10

15

20

14.

wherein:

each symbol Rj, R_, R,, R«, R- , R*i *7, Z
3 and Z

:

,
and

also the deponent "n", has the same meaning as the

corresponding symbol in formula (X) of claim 7;

M :i represents a metal selected from titanium, zirco-

nium and hafnium having an oxidation state (or va-

lence) "q" equal to 3 or 4, preferably 4;

"t" has the value of 1 se the valence "q" of Mq is 4,

and the value of 0 if the valence of "q" of Mq is 3;

X 1 and X" each independently represent a group of a

monovalent anionic nature a-bound to the metal M01

;

C
; .

represents any organic group containing a Tf-cy-

clopentadienyl or Tf-heterocyclopentadienyl ring, of

an anionic nature, preferably having at least from 5

to 30 carbon atoms, ^-coordinated to the metal Mq
.

The complex according to claim 13, wherein said sym-

bols X 1 and X" each independently represent, a group

of an anionic nature a-bound to the metal M'
:? selected

from hydride, halide, a C } -C:o alkyl or alkylaryl

group, a C ?-Cw, alkylsilyl group, a Cs-C :,:,
cycloalkyl
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group, a C*-C_ . aryl or arylaikyl group, a C : - C_ alk-

oxyl or thioalkoxyl group, a C—C..-. carboxylate or car-

bamate group, a C : -Ci-, dialkylamide group and a C 4 -C:-.:s

alkylsilylamide group, or said X' and X" groups are

5 chemically bound to each other and form a cycle having

from 4 to 1 atoms different from hydrogen, also com-

prising the metal Mq
.

15. The complex according to any of the previous claims 13

or 14, wherein said group Cp in the formula (XI) is

10 selected from cyclopentadienyl , indenyl or fluorenyl,

and their homologous products, in which one or more

carbon atoms of the molecular skeleton, included or

not included in the cyclopentadienyl ring, are substi-

tuted with a radical selected from the group consist-

15 ing of chlorine, bromine, a linear or branched alkyl

group having from 1 to 10 carbon atoms, optionally

halogenated, an alkylsilyl group having from 1 to 10

carbon atoms, a cycloalkyl group having from 5 to 10

carbon atoms, an aryl group having from 6 to 10 carbon

20 atoms, optionally halogenated, an alkoxyl or thioalk-

oxyl group.

16. The complex according to any of the previous claims 13

or 14, wherein said Cp group in the formula (XI) is

selected from anions of the polycyclic cyclcpentadi-

25 enyl compounds having formula (II) according to one of
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the claims from 1 to 7, and is preferably equal to the

first polycyclic cyclopentadienyl anion of the same

formula (XI)

.

17. The complex according to any of the previous claims 13

5 or 14, wherein said Cp group in the formula (XI) is

covalently bound with the polycyclic cyclopentadienyl

group deriving from compounds having formula ('II),

bound, in the same formula (XI), to the metal M'\ by

means of a divalent hydrocarbon or silane group having

10 from 1 to 15, preferably from 2 to 6, carbon atoms, to

form a so-called "bridged" structure.

18. A catalyst for the (co) polymerization of ethylene and

other a-olefins comprising the following two compo-

nents in contact with each other, or the product of

15 their reaction:

(i) at least one metallocene complex according to any

of the previous claims from 7 to 17, on the con-

dition that the metal W in the complex having

formula (X) is a metal of groups 4 to 6 of the

20 periodic table;

(ii) a co-catalyst consisting of at least one organo-

metallic compound of an element M' different from

carbon and selected from elements of groups 2,

12, 13 or 14 of the periodic table as defined

25 above.
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19'. The catalyst according to claim 18, wherein said ele-

ment M' in component (ii) is selected from boron, alu-

minum, zinc, magnesium, gallium and tin, preferably

boron and aluminum.

5 20. The catalyst according to one of the claims 18 or 19,

wherein said metallocene complex in component (i) is

selected from complexes having formula (XI) according

to any of the claims from 13 to 17.

21. The catalyst according to any of the previous claims,

10 wherein said component (ii) is a polymeric aluminox-

ane, preferably methylaluminoxane

.

22. The catalyst according to claim 21, wherein the atomic

ratio between the transition metal Mw in the complex

having formula (X) or in the complex having formula

15 (XI)/ . and Ai in the aluminoxane ranges from 100 to

5,000.

23. The catalyst according to any of the claims from 18 to

20, wherein said component (ii) consists of at least

one compound or a mixture of organometallic compounds

20 of M' capable of reacting with the complex in compo-

nent (i) by extracting therefrom a o-bound group to

form on the one hand, at least one neutral compound

and on the ether hand, an ionic compound consisting of

a metallocene cation containing the metal M or M-,

25 and of an organic non-coordinating anion containing
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the metal M\ whose negative charge is delocalized on
'

a multicentric structure.

24. The catalyst according to claim 23, wherein said M f is

B or Al, preferably B.

5 25. The catalyst according to claim 23 cr 24, wherein the

atomic ratio between the metal M' in component (ii)

and the metal M v or Mq in component (i) ranges from 1

to 6.

26. The catalyst according to any of the previous claims

10 from 23 to 25, wherein said component (ii) consists of

an ionic-ionizing compound selected from the group of

compounds having one of the following formulae:

[ (

R

c ) :
,NH 4 -;,r [ B ( Rd) 4

1"
; B ( Rn) 3 ; [ Ph 3C ] M B (

R

P ) i
]
" ;

[(Rc)3PH]*[B(RD)«r; [Li]
+ [B(RD )4l'; [Li ]

+
[Al (RD ) 4 J

15 wherein the deponent "x" is an integer ranging from 0

to 3;

each Rc group independently represents an alkyl or

aryl radical having from 1 to 10 carbon atoms and each

RD group independently represents an aryl radical par-

20 tially or totally fluorinated, having from 6 to 20

carbon atoms.

27. The catalyst according to any of the previous claims

from 24 to 26, wherein said component (ii) comprises,

in addition to said ionic-ionizing compound, an alu-

25 milium trialkyl or an alkylaluminum halide represented
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by the following formula

AlR 9
mX 3-m

wherein: R~ is a linear or branched Ci-Cg alkyl group,

or one of their mixtures,

X is a halogen, preferably chlorine or bro-

mine, and

"m" is a decimal number ranging from 1 to 3

extremes included;

with a ratio between Mv or Mq in component (i) and Al

in the aluminum alkyl ranging from 1/10 to 1/1,000,

preferably from 1/100 to 1/500.

28. A process for the ( co) polymerization of a-olefins,

both in continuous and batchwise, in one or more

steps, at low (0.1-1.0 MPa), medium (1.0-10 MPa) or

high (10-150 MPa) pressure, at temperatures ranging

from 20° to 240°C, optionally in the presence of an

inert diluent, characterized in that at least one a-

olefin is put • in contact, under the above conditions,

with a catalyst according to one of the previous

claims from 18 to 27.

29. The process according to claim 28, wherein said at

least one a-olefin is ethylene.

30. The process according to claim 28 or 29, wherein eth-

ylene is copolymerized with at least a second a-olefin

5 having from 3 to 10 carbon atoms.
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31. The process according to claim 30, wherein, in addi-

tion to said second a-olefin, ethylene is copolymer-

ized with an aliphatic or alicyclic, non-conjugated

diene having from 5 to 20 carbon atoms.

5 32. The process according to any of the previous claims

from 28 to 31, characterized in that it is carried out

in solution or in suspension in a suitable inert -liq-

uid medium, consisting of an aliphatic or cyclo-

aliphatic hydrocarbon having from 3 to 15 carbon at-

10 oms, or a mixture of these.

33. The process according to any of the previous claims

from 28 to 32, characterized in that the concentra-

tion, in the polymerization mixture, either of the

metal Mv of the complex having formula (X), or Mq of

15 the complex having formula (XI), forming component (i)

of said catalyst, ranges from 10'* to 10" s moles/liter.

20

25
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